The diversity and genetic relationships in 173 sacha inchi samples were analyzed using ISSR markers. Thirty ISSR primers were used, only 8 showed variability in tested samples. ISSR fragments ranged from 200 to 2500 bp. The mean number of bands per primer was 12 and the average number of polymorphic bands per primer was 11. The lowest percentages of polymorphic bands (27%), gene diversity (0.103), and Shannon's information index (0.15) were exhibited by the Santa Lucia population, which was also geographically most distant. This fact may be attributed to a very small size of this group. In contrast, the Dos de Mayo population exhibited the highest percentage of polymorphic bands (78%), and the Santa Cruz population the highest Nei's gene diversity index (0.238) and Shannon's information index (0.357). The obtained level of genetic variability was 36% among tested populations and 64% within populations. Although the diversity indices were low, a cluster analysis revealed 8 clusters containing mainly samples belonging to individual populations. Principal coordinate analysis clearly distinguished Chumbaquihui, Pucallpa, Dos de Mayo, and Aguas de Oro populations, the others were intermixed. The obtained results indicated the level of genetic diversity present in this location of Peru, although it is influenced by anthropological aspects and independent on the geographical distances. genetic variability; molecular markers; populations; Sacha inchi *
The Amazon is considered one of the most important centres of biodiversity. Several important crops, now used in agriculture worldwide (e.g. cassava, pineapple, cocoa, and rubber), have their origin and were domesticated in this region. However, there still have been several valuable species of Amazonian plants less investigated. A typical example of these species is sacha inchi (Plukenetia volubilis), a perennial semi-ligneous plant from the Euphorbiaceae family (A l v a r a d o , 2008). Sacha inchi was probably cultivated by the pre-Incas and the Incas as a highly nutritious traditional food crop of the Peruvian Amazon and in early 1980's it was rediscovered as a very promising plant (F l o r e s , 2010). Seeds of sacha inchi are rich mainly in high quality oil (H a m a k e r et al., 1992; G u i l l e n et al. , 2002) . Sacha inchi is not only valued for its importance in alimentation, culture, and history, but also for its high economic value. It is a potential economically efficient crop with great possibilities for industrialization (A r é v a l o , 1995) .
There is a significant research gap in understanding its genetic diversity. The estimation of the existing genetic diversity in such an interesting plant as Plukenetia volubilis, is essential for conservation, effective selection of plant materiál, and future breeding (G u p t a et al. 2008) . Concerning the Plukenetia genus, some studies have so far been devoted to the description of morphological variability; e.g. The objective of the present study was to assess the genetic variability within the species using the ISSR markers. The study has tried to capture the current level of genetic variability at the place of origin of this promising crop, sacha inchi, which is essential for future research, crop improvement, and suitable conservation management.
materiaL and metHods

Plant sample collection
Samples of Plukenetia volubilis were collected in June-August 2012 in the San Martín region of Peru. The plants from each location were randomly selected and seeds and leaves were collected. Leafy material of 173 individual plants from 10 localities was immediately stored in silica gel (Carl Roth GmbH, Karlsruhe, Germany). The collection sites were selected according to the Peruvian Amazon Research Institute's preferences (Table 1) .
Extraction of DNA and ISSR analysis
The DNA (deoxyribonucleic acid) material of the leaf samples of Plukenetia volubilis L. was extracted with the cetyltrimethylammonium bromide (CTAB) method (D o y l e , D o y l e , 1987). The DNA quality was determined by 0.8% agarose gel electrophoresis and using a Micro-spectrophotometer UVS-99 (ACT Gene, Piscataway, NJ, USA). The final concentration of all the DNA samples was adjusted to 50 ng.µl -1 for Polymerase Chain Reaction (PCR), and stored at -20°C. Within optimization 30 available ISSR primers (Integrated DNA Technologies, Leuven, Belgium) were used, out of which only 8 were polymorphic ( Table 2 ). The PCR amplification reactions were carried out in a total volume of 20 µl containing 0.5 µl of each primer, 10 µl PPP Master Mix (TopBio, Prague, Czech Republic), 0.2 µl Bovine Serum Albumin (BSA) (Thermo Fisher Scientific, Vilnius, Lithuania), 7.3 µl PCR Water (Top-Bio). The PCR amplification was performed in T100TM Thermal Cycler (Bio-Rad Laboratories, Berkeley, USA). The annealing temperatures in PCR were optimized for each primer (Table 2 ). The cycling conditions were as follows: initial denaturation at 94°C for 5 min, followed by 40 cycles of denaturation at 95°C for 1 min, 1 min at specific annealing temperature in the range of 48-55°C, 2 min at 72°C (extension). These 40 cycles were afterwards followed by a final extension step at 72°C for 10 min. The PCR products were resolved in 2% agarose gels in 1X TBE buffer (P-Lab) using the following programme: 180 min at 55 V and 120 mA. The gels were stained with ethidium bromide staining (Carl Roth GmbH, Karlsruhe, Germany) and the bands were visualized and acquired under UV light (Cleaver Scientific, Rugby, UK). The size of the amplified products was estimated using a 100 bp ladder (Thermo Fisher Scientific, Lithuania).
Data analysis
All experiments were performed in duplicates, and the consistent and well-resolved fragments were manually scored. The scoring of the amplified DNA fragments was done on the basis of presence (1) 
ISSR band variation and level of polymorphism
In total, 97 clear and scorable bands were amplified by 8 out of 30 ISSR markers tested with an average of 12 bands per primer having an ISSR fragment size ranging from 200 to 2500 bp. The number of polymorphic bands ranged from 5 to 18 attributing to 90 total polymorphic bands and 11 polymorphic bands per primer. The PPB was 69% for primer 809, 71% for primer 826, 91% for primer 859, and 100% for primers 824, 836, 844, 845, and 847 (Table 3) .
The highest values for Nei's gene diversity index (0.34) and Shannon's information index (0.513) were exhibited by primer 844. In contrast, primer 809 showed the lowest Nei's diversity and Shannon's information index with values of 0.081 and 0.147, respectively. The mean Nei's gene diversity and Shannon's information index for all primers were 0.260 and 0.405, respectively (Table 3) . Gene diversity ranged from 0.103 for Santa Lucia (SLU) to 0.238 for Santa Cruz (SCR) with a mean of 0.18, and the same pattern was observed for the Shannon's information index which ranged from 0.15 for SLU to 0.357 for SCR with the mean of 0.280. The populations of Aucaloma (AUC), Pucallpa (PUC), Pacchilla (PAC), and Aguas de Oro (ADO) exhibited gene diversity close to the mean of 0.18. 
Genetic variability
Values for Nei's genetic diversity (h) ranged from 0.103 to 0.231 with the mean of 0.180, and for the Shannon's information index (I) the values ranged from 0.150 to 0.357 with the mean of 0.280. The analysis of molecular variance (AMOVA) indicated a total of 64% within population and 36% among populations variation. The calculated Nei's gene differentiation (G st ) was 0.290 (Table 3) with gene flow value (Nm) estimated at 1.227 (Table 3) .
Overall, the value of Jaccard similarity coefficient ranging from 0.183 to 0.524 was obtained. The pairwise comparison of Jaccard value showed that Mishquiyacu (MIS) and SCR as well as AUC and SLU were the closest populations with Jaccard distance coefficients of 0.183 and 0.197, respectively. PUC and Ramón (RAC) were the most distant populations with the distance coefficient of 0.524 (Table 4) .
Principal coordinate analysis
The results of three-dimensional principal coordinate analysis (PCoA) (Fig. 1 ) indicated a relatively clear differentiation of sacha inchi individuals from four localities -Chumbaquihui (CHU), Dos de Mayo (2DM), PUC, and ADO. On the other hand, PCoA revealed the tendency of samples from other localities (MIS, PAC, RAC, AUC, SLU) and some admixed individuals from remaining localities to cluster together.
Cluster analysis
The Neighbor Joining (NJ) dendrogram of genetic distance between 10 populations (Fig. 2) clearly shows eight main clusters segregated according to the localities where the samples were collected. Cluster 4 branched into two visible sub-clusters 4-A and 4-B, while Cluster 2 and Cluster 8 contained only four and eight individuals, respectively. In the analysis each cluster was dominated by samples belonging to a specific population with some intermixing with samples from other populations. Cluster 1 contained nearly the entire CHU population, with samples 15 and 19 located in different clusters. Along with the CHU population, Cluster 1 contained three samples (DM04, DM06, and DM08) from the 2DM population. Cluster 2 was formed by only four individuals (CHU19, AUC14, AUC15, and AUC18). Cluster 3 contained samples mainly from the 2DM and AUC populations but also two samples from SLU, and MIS01, PUC09, PUC12, CHU15, and SCR22 samples. Sub-cluster 4A contained the sample PAC19 and all PUC samples except PUC09 and PUC12, which were included in Cluster 3. Sub-cluster 4B contained the whole PAC population, except PAC19, along with sample PAC19 Fig. 1 . Three-dimensional principal coordinate analysis (PCoA) of the genetic data based on Nei's genetic coefficients for tested 173 individuals of Plukenetia volubilis marking four distiguished compact populations Fig. 2 . Neighbor-joining (NJ) based analysis of 173 individuals of P. volubilis using Jaccard similarity coefficient from the AUC population. Cluster 5 was formed of 21 out of 23 samples from the SCR population along with MIS03, AUC07, AUC08, and 2DM17 samples. Cluster 6 was formed exclusively by MIS samples, with the missing samples scattered among other clusters. Cluster 7 consisted of all twenty ADO samples. Finally, Cluster 8 was composed of all six RAC samples and three samples from different locations (MIS02, 2DM14, and SCR23). The dendrogram showed a clear differentiation of five populations (CHU, SRC, MIS, ADO, and RAC). The population collected in PAC, which was the only location included to the study where sacha inchi was cultivated on a commercial plantation, was closely related to the population from the PUC location. On the other hand, samples from the most distant populations of 2DM and SLU were merged together with samples from the AUC locality. Neither the cluster analysis, nor the principal coordinate analysis revealed any relation between the level of genetic diversity and geographical distance in the studied populations. The RAC population from the abandoned field created a separate cluster and exhibited a great divergence from the populations of PUC, 2DM, and CHU.
discUssion
This study uncovered the level of genetic diversity within 10 populations of Plukenetia volubilis collected at different locations in Peruvian Amazon. The estimation of genetic diversity is essential for choosing an adequate breeding programme and strategy for diversity conservation. Because the genetic diversity based on morphological and biochemical parameters has limitations due to the influence of different environmental conditions, the application of molecular biology methods is desirable. According to the obtained results the application of ISSR DNA finger printing method was efficient and successful for disclosing the diversity between 173 samples of sacha inchi, scoring a range from 5 to 18 polymorphic bands. In total 8 ISSR primers generated 90 polymorphic bands.
The obtained level of genetic variability, 36% among the tested locations, can be considered as a lower diversity in the samples. In addition, in Plukenetia volubilis the estimated level of genetic diversity among populations was lower than that in populations. This result corresponds with the fact that long-living, outcrossing plants with wide and continuous flowering retain most of their diversity within populations. The lower genetic variabilities among populations than in populations were dicovered also in the study on P. C o r a z ó n -G u i v i n et al. (2008) studied the intravarietal and intervarietal level of genetic diversity in four populations from the region of San Martín in the Peruvian Amazon using DALP primers and noticed a strong differentiation in four natural populations attributable to gene flow restriction as a result of factors like the presence of natural barriers, geographical distance, and mixed system of pollination. Also the effect of deforestation could cause isolation and fragmentation of the tested populations with the consequence of their strong genetic differentiation. In this study exploiting dominant ISSR markers, the G st value was used for measuring the genetic differentiation of populations (N y b o n , 2004) . The estimated G st value was 0.29 and the result for gene flow value Nm was 1.227. H a r t l , C l a r k (2007) The cluster analysis successfully distinguished 10 populations and PCoA distinguished 4 populations. The most distant population, SLU, was found in deep forest and showed the lowest genetic diversity due to the small size of population (D o s t á l e k et al., 2014). On the other hand, in the dendrogram SLU individuals were placed to the same cluster with individuals of 2DM and AUC. All three populations were cultivated in great distance to each other and were cultivated in very extensive way (slopes and intercropped), moreover the size of seeds collected in the 2DM location was significantly smaller. On the other hand, the cluster analysis revealed that samples from the localities PUC and PAC are closer to each other. PAC plantations are new and the seeds are bigger, probably due to their selection by the farmers. Also ADO samples were placed together in one cluster with RAC, both localities were small and isolated. This proves the genetic diversity in the region of Peruvian Amazon predominates especially among extensively and intensively cultivated plants. PCoA and NJ showed a strong clustering in most of individuals, however in some clusters the admixed individuals were revealed as a possible consequence of gene flow through pollen or seed, migration of people from place to place, short and long distance marketing of seeds. R o d r i g u e s et al. (2013) found out a certain degree of genetic similarity in the tested sacha inchi samples which may be attributed to the long cultivation history of this crop in the region. A l i y u , A w o p e t u (2007) described the situation in cashew nut and explained that during the pre-research era, exchange of planting materials must have taken place among farmers and this could be the reason why samples from different geographical regions have often been more closely related than the samples from neighbouring locations. R a o et al. (2012) The result of both the cluster analysis and the PCoA successfully identified diversity among samples from different locations. The study revealed difference among samples from abandoned or older cultivation places and new plantations independently on the geographical distance. Presumably the genetic diversity is strongly influenced by the anthropological effect and the ways of distribution are connected with human activities such a migration of people from place to place, short and long distance marketing of seeds (B e k e l e et al., 2014).
concLUsion So far, a few genetic information studies using different molecular markers have been published. The present research intended to extend the available information on Plukenetia volubilis focusing on the genetic analysis in order to describe the current genetic diversity and obtain information useful for conservation strategies and future breeding programmes with the aim to explore heterosis. The detection of the current genetic diversity could also help cultivating this important plant for human consumption in other areas. The used method of ISSR markers provided segregation of the tested individuals to appropriate clusters with the attribution of the place of their distribution and independently of their geographical distance. The genetic diversity in sacha inchi and the detected genetic variability were influenced by the isolation of populations and limited gene flow. The present level of a certain similarity is due to its historical long lasting use and seed transmission by people. Any future research of this species should be focused at the comparison of samples from other South American regions and the employment of other molecular biology methods with the aim of deeper genetic diversity analysis. 
